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The genetic basis of adaptive evolution has long escaped the grasp of evo-
lutionary geneticists due to the difficulty of mapping an organism’s phenotype
to its genotype. However, adaptive substitutions may also be identified by
their effects on linked neutral variation. This has made it possible to test
whether an adaptive substitution has recently occurred in a particular gene
and whether such substitutions are common within an organism’s genome.
Of critical importance is the power of tests that detect adaptive substitutions
and our confidence in the evidence for such events.

Adaptive substitution can be detected by their effects on levels and pat-
terns of DNA polymorphism. With few exceptions all tests compare some
feature of observed polymorphism data with that expected under a Wright-
Fisher neutral model. This model assumes mutations arise in a diploid pop-
ulation of size N with probability u per generation, mating is random, there
is no selection, there is no population structure, population size is constant,
there are non-overlapping generations, and the population is at mutation-
drift equilibrium [13]. Although it is true that natural populations violate
most of these assumptions, the neutral model is often sufficient to describe
most features of polymorphism data obtained from natural populations. This



is in part due to the fact that slight violations of these assumptions do not
cause large deviations from the neutral expectation and in part because un-
der neutrality nearly all features of polymorphism data are expected to be
quite variable.

In this chapter we describe how various aspects of polymorphism data can
be used to detect the effect of positive selection on linked neutral variation,
or the hitchhiking effect. We also compare these methods, with respect to
their power to detect hitchhiking and their sensitivity to violations of the
Wright-Fisher model.

Reduction in levels of variation

The primary effect of positive selection on linked neutral variation is a reduc-
tion in heterozygosity (Figure 1). In the absence of recombination, variation
is steadily removed by hitchhiking or the spread of an advantageous allele
through a population. Subsequent to hitchhiking variation is slowly regained
by the drift of new mutations to detectable frequencies. When selection is
strong the advantageous allele is fixed in approximately In(2N)(2/s) genera-
tions, compared to a neutral allele which is expected to take 4N generations,
where N is the effective population size and 1/2N is the initial frequency
of the advantageous mutation [32]. Subsequent to a hitchhiking event most
variation is regained within 4N generations [55] [43].

In the presence of recombination, the reduction in heterozygosity is a
function of the ratio of the rate of recombination to the selection coefficient,
c/s, and the initial frequency of the advantageous mutation, assuming the
spread of the advantageous mutation is deterministic [36]. This assumption
is justified when the frequency of an advantageous mutation is greater than
¢ but less than 1 — ¢, where ¢ is the frequency at which the probability the
advantageous mutation is lost is nearly zero, i.e. (1 — 25)2V¢ ~ e 4VN%¢ x5 0
, where 1, 1 + s and 1 + 2s are the fitnesses of genotypes aa, Aa and AA,
respectably [29]. Various approximations have been made to account for the
hitchhiking dynamics below £ and above 1—¢ [29] [5] [45] [6], but if selection is
strong, the stochastic phase of the hitchhiking event does not much influence
the time to fixation [5]. However, it should be noted that recombination
events that occur when the advantageous mutation is rare can have a large
effect on the reduction in heterozygosity at a nearby locus. Thus, even a
slight change in the time spent between 1/2N and ¢ is expected to magnify



or reduce the effects of recombination on hitchhiking [5].

A reduction in heterozygosity can be used as evidence for hitchhiking.
The HKA test [26] detects a reduction in heterozygosity at one locus com-
pared to a reference locus and has been applied to many genes in Drosophila
melanogaster [37]. Although the test accounts for different mutation rates at
different loci within the genome, the test can be difficult to interpret since
the significance of the test varies depending on which "neutral” locus is used
as a reference. The HKA test is also sensitive to population subdivision,
which increases the variance in heterozygosity across the genome [51], and
purifying selection which is expected to reduce levels of variation as a func-
tion of the rate recombination and the rate of deleterious mutations [10].
More compelling arguments for hitchhiking can be made by showing a local
reduction in variation along a chromosome (as shown in Figure 1). This has
been done for the Acp26Aa [1] [15], Sod [25] [27] and Sdic genes [38] in D.
melanogaster. However, even under a neutral model, a local reduction in lev-
els of variation may be observed due to the large evolutionary variance in the
time to the most recent common ancestor. The difficulty lies in determining
how large a region and how great of a reduction in levels of variation cannot
be explained by a neutral model. Kim and Stephan [31] have developed a
maximum likelihood method to test for hitchhiking based on polymorphism
sampled along a chromosome. The test is based on both a reduction in levels
of variation and a skew in the frequency spectrum.

Skew in the frequency spectrum

The effect of hitchhiking on the frequency spectrum, depends on the ratio of
the recombination rate to the selection coefficient, the initial frequency of the
advantageous mutation, and most importantly the time since the start (or
end) of the hitchhiking event. During the spread of an advantageous muta-
tion, neutral mutations are swept to either low or high frequency depending
on their original linkage relationship with the advantageous mutation. In
the absence of recombination, a partial hitchhiking event, or one where the
advantageous mutation does not reach fixation, can be detected by a single
mutation or haplotype present at a much higher frequency than expected un-
der a neutral model (see below). If there is no recombination and hitchhiking
is complete, all variation is removed from a locus.

A skew in the frequency spectrum is also produced as an indirect byprod-



uct of removing all variation from a locus. Subsequent to hitchhiking, new
mutations accumulate at low frequency in a population and it is some time be-
fore they drift to intermediate or high frequencies. This skew in the frequency
spectrum towards low frequency variation can be measured by Tajima’s D
statistic [49]. Tajima’s D is the difference between two estimators of the
population parameter 6 divided by the standard deviation of the difference.
Under the Wright-Fisher model the expectation of 8 is equal to 4N u, where
N is effective population size and p is the mutation rate. The two estimators
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which is based on the number of segregative sites divided by a constant,
which depends on the the sample size n [53]. 0, is most sensitive to interme-
diate frequency variation, whereas 0y, is most sensitive to rare (low or high
frequency) variation. The reasoning is as follows: a single segregating sites
at intermediate frequency adds 10 x (20—10)/(20 x 19) = 0.26 to an estimate
of 6, whereas a low frequency variant adds much less 1 x (20—1)/380 = 0.05.
In contrast each segregating sites contributes equally to Oy . Since most vari-
ation in a population is found at low frequencies Oy is easily influenced by
changes in the number of low frequency variants.

Under neutrality the means of two estimators are expected to be equal to
one another. Subsequent to a hitchhiking event that has removed all variation
éw is expected to be greater than 0} until new mutations reach intermedi-
ate frequency in a population. Simulation studies of hitchhiking events have
shown that Tajima’s D has quite a bit of power to detect a strong hitch-
hiking event 0.2/N generations subsequent to the fixation of an advantageous
mutation [43]. The advantage of this test is that no assumptions are made
about how much variation is expected in a population. The disadvantage
of this test, as well as all other tests that use polymorphism data, is that
while recombination doesn’t affect the mean it does affect the variance of
the frequency spectrum and test statistics based on the frequency spectrum.
Recombination decreases the variance since it enables different mutations



within a sample to have different genealogies. While the rate of recombi-
nation can be either measured in the lab or estimated from polymorphism
data, these estimates rely on a number of assumptions and often have large
confidence intervals [3]. The practical solution that is most often taken is to
conservatively assume no recombination in the generation of the cutoff val-
ues for a test statistic, or to use a conservative estimate of the recombination
rate, typically the lower bound estimate.

A number of other tests, besides Tajima’s D, have been developed to
detect hitchhiking based on a skew in the frequency spectrum. Fu and Li’s
Dy, and D*gp,, test for a difference between éﬂ and 0 estimated from the
number of singletons (those mutations found only once in a sample). For
D*gr,, an outgroup is used to distinguish when the derived mutation is found
once or n — 1 times in a sample of n. To provide a general framework in
which to compare the frequency spectrum to the neutral expectation Fu
derived an estimate of 6 for every frequency class in a sample; 6; = i.S; [19].
Thus, it is now possible to compare any part of the frequency spectrum to
the neutral expectation. Comparison of these frequency based tests to one
another showed that Tajima’s D has the most power to detect a hitchhiking
event in the absence of recombination [20].

In the presence of recombination hitchhiking produces a skew in the fre-
quency spectrum quite different from that in the absence of recombination.
In the presence of recombination a neutral variant will increase or decrease
in frequency depending on whether it is on the same haplotype as the advan-
tageous mutation or not. For a deterministic hitchhiking event, the expected
frequency to which it goes depends on the ratio of the rate of recombination
to the selection coefficient and the initial frequency of the advantageous mu-
tation [36]. The end result is that subsequent to a strong hitchhiking event
neutral variation that has recombined onto the advantageous haplotype is
found at either high or low frequencies and forms a bipartite frequency spec-
trum (Figure 2) [15]. High and low frequency variation refer to the frequency
of the derived variant (or new mutation) which is distinguished from the an-
cestral variant using an outgroup. Subsequent to the hitchhiking event, high
frequency variants are lost and new mutations at low frequency accumulate
(30] [14] [42].

The bipartite frequency spectrum produced in the presence of recombi-
nation can be detected by Tajima’s D statistic [15], or any other statistic
that measures a differences between rare and common variation. However,
low frequency variation is easily influenced by changes in population size



and background selection (see below). On the other hand, an excess of high
compared to common frequency variation cannot easily be produced by de-
mographic scenarios (see below). fy is a measure of high frequency variation
and is based on the homozygosity of the derived variant.
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The H test is the difference between 6, and éH, and is therefore a test for an
excess of high compared to intermediate frequency mutations [15]. Because
an outgroup must be used to distinguish high and low frequency mutations,
the probability of mis-inference must be incorporated into applications of the
H test. The derived state can be mis-inferred if a back-mutation occurs at a
site. If all sites have the same mutation rate and thus the same probability
of a back-mutation, the probability of mis-inference can be estimated by d/3,
where d is the rate of divergence corrected for multiple hits and 1/3 is the
probability a mutation is a back-mutation, A to T, rather than A to G,
when A and T are segregating [15]. Differences in the rate of transitions and
transversions or other mutational heterogeneities can also be incorporated
[15]

Both Tajima’s D and the H test have good power to detect hitchhiking
in the presence of recombination (Figure 3). In contrast to D the power
of H drops rapidly after the hitchhiking event since high frequency variants
as measured by 0y are readily lost due to drift [30] [14] [42]. Tajima’s D
retains power for much longer due to the influx of new low frequency variation
during the recovery from a hitchhiking event (Figure 3). Because variation is
recovered first at low, then intermediate, and then high frequencies, a test for
a lack of high frequency variation may retain the most power for the longest
period of time subsequent to a hitchhiking event. The difference between
0y and éw, Hj, is a measure of high compared to low frequency variation
and retains power for the longest period of time subsequent to hitchhiking
(Figure 4). This can be explained by fbeing the last of three estimators of
f to reach equilibrium and éwbeing the first.

Using the expected reduction in heterozygosity in combination with the
expected skew in the frequency spectrum in the presence of recombination,
Kim and Stephan [31] have implemented a maximum likelihood approach
to simultaneously test for hitchhiking and then estimate both the location
of the advantageous substitution and the strength of selection, given the re-
combination rate. Although this test appears more powerful than those tests



based on different estimators of 6, the test requires precise knowledge of the
recombination rate and may be more sensitive to non-equilibrium conditions,
since the null and alternative hypothesis are more precisely specified. Yet,
it should be noted that the robustness of all tests to violations of the as-
sumptions of the Wright-Fisher model has not been well characterized (see
below). In one of the first attempts to explicitly test selective versus demo-
graphic explanations, Galtier et al. [21] have used a maximum likelihood
approach to distinguish selection from a population bottleneck using data
from Drosophila for which multiple loci have been surveyed for polymor-
phism. The logic behind the test is that a population bottleneck is expected
to reduce levels of variation and skew the frequency spectrum across all loci
whereas a hitchhiking event is expected to be specific to a fraction of loci.

Linkage disequilibrium

Hitchhiking is expected to produce linkage disequilibrium both in the pres-
ence and absence of recombination [50]. During the spread of an advan-
tageous mutation through a population, a haplotype of very tightly linked
neutral variants will increase in frequency until fixation. In some instances a
second haplotype may remain segregating at appreciable frequencies (> 1%)
by recombining onto the advantageous chromosome during the hitchhiking
event. Farther away from the site under selection recombination events al-
low one or more different haplotypes to recombine onto the advantageous
chromosome and escape loss. As the distance to the site under selection in-
creases so do the number of alleles that escape complete hitchhiking (Figure
3 of [15]). If the rate of recombination is low enough so that there is no re-
combination within the sequence surveyed but enough recombination so that
variation remains segregating subsequent to hitchhiking, a strong haplotype
pattern may form where all variation is divided among only a few haplotypes.
In the extreme case where only two haplotypes remain segregating, all vari-
ation may be in complete linkage disequilibrium. A neutral model may not
be able to explain the presence of a single haplotype at intermediate or high
frequency [25] [33]. In addition to hitchhiking with recombination, a single
haplotype could reach high frequency due to balancing selection, the loss of
positive selection during a hitchhiking event, or interference with advanta-
geous or deleterious mutations in the population [25] [33]. The degree to
which hitchhiking produces linkage disequilibrium between two alleles can



be measured by r, their correlation coefficient and D’ the difference between
the observed and expected (assuming independence) biallelic frequencies in
a sample [35].
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where f, is the frequency of the major allele at the first locus, fg is the
frequency of the major allele at the second locus and f4p is the frequency of
the AB haplotype. Strong hitchhiking produces more linkage disequilibrium
than expected in the absence of recombination, when measured by r and D’
[14] [31] [42]. This is true even when some recombination is allowed between
the two neutral markers during hitchhiking (Figure 5). However, previous
work has shown that linkage disequilibrium decays rapidly subsequent to
hitchhiking [42]. More work is necessary to distinguish linkage disequilibrium
created by demographic effects or selection.

A number of haplotype tests have been developed to detect a high fre-
quency haplotype or a lack of haplotype diversity that may occur during or
subsequent to a hitchhiking event. Hudson et al. [25] developed a test to
determine the probability of observing a given number of segregating sites
or fewer in a subset of sequences from a sample, and applied this to the Sod
locus. The F's test [20], is equal to In(S/(1—.S)), where S is the probability of
having no fewer than k alleles in a sample given 6,[12]. Depaulis and Veuille
[12] have proposed two tests for an excess of linkage disequilibrium. Hpy is
the observed haplotype diversity, K is the number of haplotypes, and both
are conditioned on the number of segregating sites in a sample. K and Fs
are only different in that they are conditioned on different estimators of 6.

Population subdivision and changes in popu-
lation size

The effect of hitchhiking on linked neutral variation in a structured pop-
ulation or one that has recently changed in size is not easily understood.



However, in most cases the qualitative dynamics of hitchhiking are expected
to be the same; variation is removed from a population producing a skew in
the frequency spectrum and linkage disequilibrium. Hitchhiking in a struc-
tured population is particularly difficult to describe since it depends on the
number of subpopulations, the migration rates between these populations,
and the effective size of these subpopulations. When the number of emi-
grants is less than one per generation it has been shown that hitchhiking
produces population differentiation as a function of the strength of selection
[44]. The effect of hitchhiking in a two dimensional model of isolation by
distance has also been studied [6].

More important than understanding how hitchhiking is affected by pop-
ulation structure or changes in population size, is how the assumption of a
constant panmictic population affects current methods of detecting hitchhik-
ing. If demographic forces produce patterns that resemble hitchhiking, then
the rate of erroneously detecting a hitchhiking event when none has occurred
(rate of false positives) may be high. If demographic forces produce a pat-
tern opposite to that of hitchhiking, then the power of detecting hitchhiking
(rate of true positives) may be low. For all of the above mentioned tests, the
rate of true and false positives is affected by both population subdivision and
changes in population size. This results both from the effect of demography
on the expectation of statistics such as Tajima’s D, but also from the effect
of demography on the variance in D. Selective forces are often distinguished
from demographic forces since the former is expected to be locus specific
while the latter is expected to affect the entire genome. However, if demog-
raphy has a slight effect on the mean value of a test statistic or only affects
the variance of a test statistic it is likely to go unnoticed if only a few loci
across the genome are examined. Thus, it is important to know how changes
in population size and population subdivision affect various tests used to
detect hitchhiking.

A change in population size affects levels of variation, the frequency spec-
trum and linkage disequilibrium. An increase in population size causes an
increase in levels of low frequency variation and a negative Tajima’s D value
whereas a decrease in population size causes a decrease in levels of low and
high frequency variation and a positive Tajima’s D value [48]. The variance
in Tajima’s D has been shown to decrease in an expanding population [40]
and is likely increased in a shrinking population. An increase in population
size also causes a decrease in linkage disequilibrium as measured by r [41].

Population structure affects patterns of variation in a much more compli-



cated way. Tajima [48] studied a simple model of two demes with balanced
migration. In the case where samples are drawn from both subpopulations,
the heterozygosity increases faster than the number of segregating sites with
decreasing rates of migration, producing positive Tajima’s D values. If sam-
ples are drawn from just one of the subpopulations, heterozygosity remains
unchanged while the number of segregating sites decreases slightly with in-
termediate rates of migration 4Nm ~ 1, producing slightly negative Tajima’s
D values. In contrast, when the rate of migration is 19 times greater from
one population to the other and samples are drawn from both subpopula-
tions, the number of segregating sites increases faster than heterozygosity
with decreasing rates of migration. Wakeley [51] found the variance in het-
erozygosity both within and between populations increases with migration
rate for a two subpopulation model with balanced migration. Population
subdivision is also known to increases levels of linkage disequilibrium [52].

Although few statistics have been tested for sensitivity to different pop-
ulation histories, there are obvious cases in which a population’s history can
appear similar to hitchhiking. For Tajima’s D and Fu and Li’s Dgy, this is
a recent increase in population size, for the H test this is the presence of a
rare migrant from a distantly related population or species, for the haplo-
type based tests this is population subdivision or recent admixture. One case
has been studied for Tajima’s D and the H test. For a two subpopulation
model with balanced migration where 50 alleles are sampled from a single
subpopulation, Tajima’s D is significant in 6% and 9% of cases for ANm =1
and 4Nm = 0.5, respectively, whereas the H test is significant in 14% and
19% of cases for ANm = 1 and 0.5, respectively [42]. However, under most
circumstances the D and H tests would be applied to a genetically diverse
sample. Because subdivision tends to produce an excess of intermediate com-
pared to low frequency variation when sample are drawn from a mixture of
subpopulations, the D and H statistics are likely conservative.

The simplest way of distinguishing demographic from selective explana-
tions is by surveying other unlinked loci in the genome. Any demographic
explanation is expected to affect all loci whereas selection is expected to be
specific to only a few loci. Subtle demographic effects, such as an increase in
the variance of a statistic, are the most worrisome since they may go unno-
ticed in a survey of a small number of genes but may affect the rate of false
positives of a test. Multiple independent lines of evidence, such as a regional
reduction in levels of variation in combination with a skew in the frequency
spectrum should be used to rule out a demographic explanation.
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Distinguishing background selection and hitch-
hiking in regions of low recombination

One of the few genome wide patterns in polymorphism data that cannot be
attributed to mutation and drift is the correlation between levels of variation
and rates of recombination. This observation has now been made in numerous
species, but it is still debated as to its cause [2]. The observation cannot
be explained by different mutation rates since rates of recombination are
not correlated with divergence between species. However, there are now
many examples of heterogeneity in levels of divergence between two species
suggesting mutation rates may vary across the genome [56]. A question
that has not been answered is the extent to which heterogeneity in levels of
variation across the genome can be explained by mutational heterogeneities
alone. The effect of regional differences in mutation rates across the genome
must be accounted for in explaining low levels of variation in regions of low
recombination.

Both background selection and recurrent hitchhiking can produce re-
duced levels of variation in regions of low recombination. With a sufficiently
high rate of deleterious mutations per cM, background or purifying selec-
tion against deleterious mutations removes linked neutral variation, essen-
tially reducing a population’s effective size [10]. With a sufficiently high
rate of adaptive substitutions driven by sufficiently strong selection, recur-
rent hitchhiking events may also maintain low levels of variation across an
entire region of low recombination [9]. Tajima’s D statistic is often used
to distinguish between background selection and hitchhiking [4]. Simulation
studies have shown that recurrent hitchhiking events in the presence of re-
combination produce an excess of low frequency variants and significantly
negative D values [9]. In contrast, simulation studies have shown that back-
ground selection produces little or no skew in the frequency spectrum if Ns
is sufficiently large, where s is the strength of selection against deleterious
mutations [10] [11] [20]. When background selection affects the frequency
spectrum, Fu and Li’s D has the most power to detect it [20]. Numerous
polymorphism surveys were conducted in regions of low recombination with
the aim of distinguishing background selection from hitchhiking by means of
a skew in the frequency spectrum as measured by Tajima’s D [8] [7] [24] [54]
[34] [4] [28]. However, in many of these cases there was so little variation
found that there was no power to detect a significant skew in the frequency
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spectrum.

If selection is so weak that deleterious mutations reach detectable fre-
quencies (> 1%) in a population, these mutations and neutral mutations
linked to them are expected to produce an excess of low compared to com-
mon frequency variation. Studies of allozyme variation in humans and fruit
flies indicate that a large proportion of low frequency amino acid variants
are slightly deleterious and reach detectable frequencies in a population [39).
By comparing the distribution of amino acid to synonymous variation de-
mographic explanations were ruled out and many of these deleterious mu-
tations were shown to reach frequencies of 1-10% for both humans [16] and
D. melanogaster [17]. Forward simulations of purifying selection show that
mutations with 2/Vs values as small as 6 can reduce levels of variation and
produce negative D values in the absence of recombination [23]. The same
effect is found when deleterious mutations are gamma distributed and there
is no recombination [57]. Thus, at least in the absence of recombination,
background selection as well as hitchhiking may produce negative D values
if a sufficient number of deleterious mutations are slight in their effects.

The H test can be used to distinguish hitchhiking and background selec-
tion in regions of low recombination. The H statistic should not be affected
by background selection, which only skews the frequency spectrum at low
frequencies. In fact, in the presence of background selection hitchhiking may
produce more high compared to intermediate frequency variants than in the
absence of background selection. The greater number of high frequency vari-
ants is the result of the excess of low frequency variants present prior to
hitchhiking. It is these low frequency variants that are swept to high fre-
quencies during hitchhiking. Thus, under the extreme example where only
low frequency variants are present in a population, hitchhiking may produce
only high frequency variants since all low frequency variants are either swept
to high frequency or to frequencies too low to be detected. There are a num-
ber of regions where this has been observed. The y-ac region is on the tip
of the X chromosome of D. melanogaster and shows three high frequency
restriction sites [15]. Five olfactory receptor pseudogenes in a 450kb region
in humans contain predominantly high frequency variants [22].

To distinguish background selection from hitchhiking the H test must have
reasonable power to detect recurrent hitchhiking events. Recurrent hitchhik-
ing is different from a single hitchhiking event since at the start of each
hitchhiking event the population is not at equilibrium. In most instances
the population is likely recovering from the last hitchhiking event and so
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should have an excess of low frequency variants. The next hitchhiking event
is expected to sweep low frequency variation to high or lower frequencies.
Although coalescence simulations of recurrent hitchhiking events show the
H test has little power to detect recurrent hitchhiking events, this has been
shown only for very strong selection and infrequent hitchhiking events, a
limitation of the approach [42]. Under these conditions the power of detect-
ing hitchhiking using the H test drops quickly subsequent to the fixation of
the advantageous mutation. However, as the frequency of hitchhiking events
increases the neutral frequency spectrum may approach a U shaped distri-
bution, which is the expected frequency distribution for mutations under
positive selection [13].

Finally, background selection and hitchhiking may be distinguished in
a subdivided population if hitchhiking reduces variation in only one of the
subpopulation or much more in one of the subpopulations [46]. Using a ref-
erence locus as a control for the expected reduction in levels of variation due
to background selection, the vermilion locus was shown to have significantly
reduced levels of variation in two of four subpopulations of D. ananassae [46].

Conclusions and future directions

Significant advances have been made in how positive selection is detected us-
ing DNA polymorphism data. While a slew of new test statistics have been
developed and shown to have power to detect hitchhiking, it is standard
practice to assume no recombination and a randomly mating Wright-Fisher
population in determining the cutoff values for these tests. As genomic sur-
veys of polymorphism become available, reliable estimates of the recombina-
tion rate and populations’ demographic history can be made [18] [40]. In the
meantime convincing evidence for hitchhiking must include multiple lines of
evidence such as a local reduction in levels of variation and a local skew in
the frequency spectrum.

Genomic surveys of polymorphism will provide some indication of the
number and location of loci in the genome that have recently experienced a
hitchhiking event and the relative contributions of background selection and
hitchhiking to the reduction in levels of variation in regions of low recombina-
tion. This can only be done by examination of high frequency variation since

low frequency variation is similarly influenced by both background selection
and hitchhiking.
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Figure 1: Heterozygosity as a function of ¢/s for the deterministic approxi-
mation of Maynard Smith and Haigh [36], eq. 8 &~ 1 — €2/* (solid line), the
deterministic approximation of Stephan et al. [45], eq. 17 (dashed line),
and for 10* coalescence simulations (circles). Simulation parameters are
2N = 10%, s = 1073, ¢ = 10 % and is the initial frequency of the advan-
tageous mutation.
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Figure 2: Expected frequency spectrum of sites in a sample of 20 subsequent
to a hitchhiking event for different c¢/s values. Parameters are 10* coalescence
simulations, 2N = 108, s = 1073, # = 5, sample size is 20.
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Figure 3: A - The expectation of different estimators of # during and sub-
sequent to hitchhiking. B - The power of the D and H statistics during and
subsequent to hitchhiking. The simulation parameters are the same as in
Figure 2 except c/s is fixed at 1073. For each simulated hitchhiking event
with at least one segregating site D and H were compared to critical values
generated from 10* neutral coalescence simulations with a fixed number of
segregating sites equal to that observed in the hitchhiking simulation.
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Figure 4: The power of D, H and H;, as a function of time since hitchhiking.
H; is the difference between Hwand HH The simulation parameters are the
same as those in Figure 3.
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Figure 5: The average of r (A) and D' (B) as a function (¢;+¢9)/s, where ¢; is
the rate of recombination between the selected locus and adjacent neutral lo-
cus and ¢y is the rate of recombination between the two neutral loci. 4N¢y = 0
(solid circles), 4Ncy = 1 (cross), 4Ncy = 10 (open circles), 4N¢c, = 100
(squares), samples size is 50, 2N = 108,.
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